: -potential curve of the as-received gold nanoparticles ζ-potential values outside of ± 30mV are considered a baseline stability condition to maintain a strong enough repulsive force between particles to avoid aggregation and agglomeration. 1, 2 The ζ-potential curve by pH for COOH-AuNPs describes the electrostatic stability of the colloids (Fig. S5 ). Conditions necessary to initiate bioconjugation are not in the highest stability region as this will require overcoming higher activation energy to begin the reaction. This is largely due to the carboxyl groups surrounding the particles becoming stabilized by ionic interaction with the free hydrogen in solution. 1 To decrease the energy required to form bonds the regions between 0 and -30 mV may be required. By taking the Log10(-ζ) the pKa is graphically found to be pH 4.7 ( Fig. S6 ). These results align with the pKa of lipoic acid, corresponding to the carboxyl end-functionalized groups surrounding the particle. 3 At a pH below 4.7, the charges around the particle will begin to protonate. This can, in turn, decrease the binding potential of the AuNPs to the pAb at low pH values. 4 Notably, as pH decreases below pH-2.5 the COOH-AuNPs are no longer able to interact with the positive ions in solution. As a result, the ζ-potentials moves to the positive region causing the colloids to become unstable and aggregate heavily as shown by DLS ( Fig. S1 ). ) was determined to contain two peaks at 1670cm -1 and 1642cm -1 (C=O), and the amide II region shows a single peak at 1552cm -1 (N-H). These peaks are due to the lipoic-dPEG12-acid coating creating the carboxyl functional surface around the particle.
Fig. S9:
The pAb alone in the HCl-2 condition maintains peaks at 1684cm -1 , 1668cm -1 , 1654cm -1 , 1641cm -1 , 1629cm -1 , 1618cm -1 , 1601cm -1 . These peaks align with, random coil /turns, β-Sheets, α-helix, β-Sheets, β-Sheets. Largely representing β-sheets throughout the pAb structure, an unexpected result as HCl-2 is expected to breakdown the secondary structure of the pAb. The large presence of β-Sheets suggests structural stability; however as compared to the neat pAb, the peak locations have become more convoluted and shifted slightly.
Fig. S14:
The pAb-AuNPs bound without EDC/NHS at the MES-6 condition maintains peaks at 1676cm -1 , 1657 cm -1 , 1642 cm -1 , 1627 cm -1 , 1611 cm -1 , and 1545 cm -1 . These peaks are similar in location to the pAb-AuNP MES4.5 condition, these peaks show an over-representation of random coil/turns, and maintains peaks similar to the neat AuNPs which may suggest regions where pAb did not adsorb or a structural instability in the pAb.
Fig. S15:
The pAb alone in the MOPs-7.9 condition maintains peaks at 1684 cm -1 , 1668 cm -1 , 1652 cm -1 , 1645cm -1 , 1638 cm -1 , 1626 cm -1 , 1611cm -1 , and 1546 cm -1 . These peaks match with β-Sheets, β-Sheets, α-Helix, random coil/turns, and β-Sheets, respectively. Furthermore, these peaks are nearly identical to the MES-6 pAb alone condition. The large presence of β-Sheets suggests structural stability, however, as compared to the neat pAb, the peak locations have become more convoluted and shifted slightly.
Fig. S16:
The pAb-AuNPs bound without EDC/NHS at the MOPs-7.9 condition maintains peaks at 1690 cm -1 , 1678 cm -1 , 1666cm -1 , 1654cm -1 , 1641 cm -1 , 1530 cm -1 and 1545 cm -1 . These peaks are similar to pAb only in MOPs-7.9 condition. This is indicative of pAb adsorbing to the particle without structural changes occurring due to the conjugation steps. 
